Sleep durations vary greatly across animals from 2 to 20 hours with no clear explanation. A small Mexican cavefish reveals how the brain can adapt to increase its wake-stabilizing hypocretin circuit and dramatically reduce sleep, likely to allow adaptive foraging.
Unlike the stable circadian clock found in most organisms, sleep duration is surprisingly variable across animal species. While most of us enjoy 7-8 hours of sleep over a 24 hour day-night cycle, horses and elephants sleep less than 3 hours while, at the opposite end of the spectrum, opossum and brown bats sleep more than 19 hours [1] . Similar extreme sleep ranges have also been observed in fish, amphibians, reptiles and birds [1] . Such comparisons of sleep across species were made possible thanks to the pioneering work of Henry Pi eron (1913) [2] and Irene Tobler (1984) [1] , who established the core definition of behavioral sleep using five criteria that can be applied to any animal, from octopuses to giraffes. They include the maintenance of reduced mobility, posture and place preference (e.g. laying down in bed); increased arousal threshold (off-line state); rapid reversibility (not coma or death); and sleep homeostasis (rebound after sleep deprivation). Using this definition, sleep has been found in all the animal species carefully studied so far, but across the board sleep duration is remarkably variable. These large variations have led to diverse theories about the relationship between sleep quantity and life expectancy, brain weight, body size, metabolism, diet, and environment [3] . Despite interest in the significance of sleep duration, little was known until recently about the causes and mechanisms underpinning dramatic changes in sleep, even between closely related species. As is often the case in biology, new answers come from unexpected origins -in this case, a blind cavefish.
Two independent studies published in eLife from the Keene (Florida Atlantic University, USA) and Retaux (CNRS, France) laboratories have investigated the genetic, developmental and neuronal causes underpinning the difference in sleep duration of two populations of Mexican fish that belong to the same species, Astyanax mexicanus, but which live in very different habitats [4, 5] . The 'surface' Astyanax is pigmented, lives at the surface and sleeps an average of 6-8 hours a day, while fish from the Pachó n cave are albino, blind, and only sleep 1-2 hours per 24 hour cycle. The geographic separation of these two ecotypes occurred fairly recently and, despite their strong morphological and behavioral differences, they are considered the same species as experimental inter-crossing still generates fertile offspring.
Both groups took advantage of this close relationship as well as the fact that, as a vertebrate, Astyanax maintains a broadly similar brain organization and neurochemistry to ours (Figure 1) , to investigate the molecular and cellular reasons behind such a major change in sleep duration within the same species. While sleep in mammals is often believed to be a neocortical phenomenon (as sleep is traditionally recorded by electroencephalography (EEG) at the brain surface), all the neuronal circuits responsible for sleep-wake regulation discovered so far are located in subcortical regions of the brain, in particular the hypothalamus and brainstem/hindbrain -structures that are highly conserved across all vertebrates [6] [7] [8] (Figure 1 ). When the Retaux lab looked at the development of the hypothalamus of larval Pachó n cavefish, they found that it was enlarged and was harboring almost twice as many wakemaintaining hypocretin (orexin) neurons compared to its surface counterpart ( Figure 1 ). This revealed an ideal suspect as these neurons are well known in the sleep field [9] . Indeed, the loss of hypocretin neurons is responsible for human narcolepsy [10] , a disorder where patients fail to stay awake during the day and asleep at night due to the fragmentation of both states. The hypocretin system itself has also been found, and shown to regulate sleep/wake, in all vertebrate species where it was studied, including dogs, rodents and zebrafish [11] [12] [13] [14] [15] . When the hypocretin signal is over-activated, animals are more active and stay awake longer [12, 13, 16] . Similarly, the Keene lab found not only that the adult cavefish hypothalamus harbors more hypocretin neurons but also that each individual neuron expresses more hypocretin (mRNA and peptides) compared to their surface counterparts. Thus, it would seem that the evolution of elevated hypocretin levels could be a main driver for sleep loss in the Pachó n cavefish population.
To functionally demonstrate that the heightened hypocretin signal is responsible for wake extension/sleep loss in cavefish, the Keene lab applied medications to the fish that in humans are used to treat insomnia and which block the hypocretin receptors. Impressively, treated cavefish slept up to 6 hours instead of their usual 2. Further, both the Keene and Retaux labs used developmental and genetic strategies to silence or reduce the number of hypocretin neurons in cavefish to mimic the surface fish situation. Again, they observed a reduction in locomotor activity and dramatic increases in sleep that almost equal levels observed in surface fish. Thus, they strikingly demonstrate that the significant expansion of the hypocretin circuitry in cavefish is largely responsible for their sleep loss and hyperactivity. This is the first demonstration that hypocretin impact on wake maintenance can mostly account for such extreme differences in sleep duration.
So what led to these changes in the hypocretin system that caused such a large divergence in sleep duration in essentially the same species? The answer may lie in the cavefish's unique ecology. Cavefish live in an environment where food is far scarcer than at the surface. In periods of starvation they sleep more, but when food is more abundant they can adapt by increasing their locomotor activity to forage constantly. As cavefish eyes degenerate early during development (Figure 1 ), they are functionally blind and rely on their other senses to detect their food. A major sensory organ specific to fish that is employed instead is the lateral line. This organ is composed of ciliated cells (similar to cells in our inner ear) that can sense vibration through changes in liquid movement, which in turn indicates food proximity. This permanent sensory stimulation by the aquatic environment for foraging is thought to maintain the fish's arousal and the Keene lab has shown that ablation of the lateral line restores sleep to cavefish [17] . In their current paper, they demonstrate that both one-month starvation and ablation of the lateral line induce decreases in hypocretin expression to levels that are equivalent to those in surface fish; however, the number of hypocretin neurons remains unchanged. This observation illustrates beautifully how environment and ecological constraints can directly change gene expression and neurotransmission to modify complex behavioral states for optimal adaptation. Similar to cavefish, it would be interesting to see if large animals such as elephants and giraffes that need to feed virtually continuously to sustain their caloric needs have a larger cluster of hypocretin neurons and higher expression of hypocretin peptides compared to animals with similar brain size but with richer diets.
With 33,000 species, fishes are by far the largest group of vertebrate species on earth ( Figure 1 ) and occupy very different ecological niches from the deep ocean to shallow fresh water rivers. It is likely that many species have adapted their sleep needs over daily or maybe even seasonal cycles to adapt to water conditions and food availability. It is clear there is much to be learned from leveraging this large diversity of vertebrate species. There is a need to measure their sleep in the wild, and gain a better understanding of the ecological differences that underlie changes in the hypocretin system and other sleep neuromodulatory circuits. As sleep duration varies, it is also likely that sleep quality and architecture will change to compensate. One future challenge is to characterize sleep neural signatures in the fish brain in order to compare their expression to other vertebrates to understand what the salient functions of sleep are, including brain connectivity [18] [19] [20] , and thus why sleep duration and structure can be so plastic, in stark contrast to circadian rhythms. The neonicotinoid insecticides have raised concerns regarding the health of bee pollinators. New research has identified a P450 enzyme that protects honey bees and bumble bees from the toxicity of two neonicotinoids, thiacloprid and acetamiprid. This P450 enzyme provides a margin of safety to bees.
Nicotine from tobacco was among the first chemical insecticides used to protect plants from sucking insects, some 200 years before the introduction of safer and more effective synthetic insecticides. Just as pyrethrins from Chrysanthemum flowers led to synthetic pyrethroids, nicotine inspired the design of what are now generically called the neonicotinoids. All of these compounds have nervous system targets. The neonicotinoids target the insect nicotinic acetylcholine receptors (nAchR) and, in contrast to nicotine itself, the neonicotinoids are much more toxic to insects than to vertebrates. Thus, nicotine is 600 times more potent towards vertebrate than fly nAchR, while the major neonicotinoid imidacloprid is 600 times less potent towards vertebrate than fly nAchR [1] . This considerable target-based selective toxicity explains the safety record of the neonicotinoids, which have gradually replaced the generally less selective organophosphorus and carbamate insecticides since their introduction on the market from 1991 to 2002 [2] . Seven major neonicotinoid compounds make up about a quarter of the global insecticide market share [2] . Their remarkable success is due in part to their high water solubility. This allows translocation in plants as 'systemic' insecticides, thus targeting piercingsucking insects. The downside of this ability is that neonicotinoid residues can potentially find their way to nectar and pollen which are available to bee pollinators. Thus, in recent years the neonicotinoids have come under intense scrutiny for the risk they might pose to the health of managed and wild bee pollinators [3] .
Neonicotinoids Are Not All the Same Yet some neonicotinoids, specifically the cyanoamidines thiacloprid and acetamiprid, are generally considered safe to bees, with oral and contact toxicities 2-3 orders of magnitude lower than the nitroguanidine compounds such as imidacloprid, thiamethoxam and clothianidin. That such subtle changes in
